With a sample of 354 U.S. large bank holding companies, this paper investigates the determination of financial distress in financial institutions. We find that: (1) the house price index is consistently significant and positively associated with the Distance-to-Default (DD) measure in the U.S. banking market; (2) all the three major banking risk characteristics i.e. non-performing loans, short-term wholesale funding, and the credit-risk indicator are reliable factors behind DD determination; (3) for the two alternative measures of BHC activity diversification, non-interest income is positively related with BHCs' DD whereas off-balance-sheet activity is negatively associated to the financial distress measure; and (4) Relevant capital requirements indicators including Tier I Risk-Based Capital Ratio, Total Risk-Based Capital Ratio, Tier I Leverage Ratio should be taken in regulatory assessment of BHCs' financial distress.
over the business cycles. Elyasiani and Wang (2008) examine the relation between asymmetry of BHCs and their non-interest income diversification. Cornett, McNutt, Tehranian (2009) probe the impact of corporate governance on earnings management in the U.S. BHCs. Studies on BHC diversification can be seen in Elyasiani and Wang (2012) and Goetz, Laeven, and Levine (2013) . However, while studies on various aspects on bank holding companies have well advanced, few studies investigate what drives financial distress of bank holding companies, and the implications for financial regulations.
In this paper, we use a sample of selected 354 BHCs with 2288 observations of firm-years during 2003 to 2012 to investigate the effects of various factors on financial distress in terms of default risk in U.S. large BHCs. Default risk is the uncertainty surrounding a firm's ability to serve its debts and obligations (Crosbie and Kocagil, 2003) . The approach that we use in measuring the default risk is the index of 'Distance to Default' (DD), originally derived from the models of Black and Scholes (1973) and Merton (1974) . These original models have been well extended to investigating various bankruptcy-related problems (for recent review studies, see Sundaresan, 2000; Jarrow, 2009; and Sundaresan 2013) .
The determining factors behind US BHCs' financial distress are to be investigated in our tests for the four hypotheses. In the first hypothesis, we use the housing price index to test whether the DD of BHCs is positively associated with the pro-cyclical macroeconomic conditions. In the second hypothesis, we employ three important measures of BHC risk characteristics, i.e. the non-performing loan ratio, net charge-off ratio (the measure of credit risk), and short-term wholesale funding, to investigate their relations with the DD measure. The third is to use three alternative capital requirements, i.e. the Tier I risk-based capital ratio, total risk-based capital ratio, Tier I leverage ratio, to examine their linkages with the DD index. The fourth is to employ two alternative measures of BHC activity diversification, i.e. the non-interest income, and the off-balance-sheet activity to test whether they are negatively associated with DD. We control five variables, including the four variables in the first two hypotheses and the size factor, in our empirical estimation. Based on this, we deploy three alternative measures of regulatory capital requirements and two alternative proxies of BHC activity diversification to run 6 multivariate regressions with various sample periods, including the periods of 2003-12, 2003-06, 2007-08, and 2009-12, respectively. Our main findings show that (1) the housing price index is always statistically significant determinant and is positively associated with the DD index, implying that as a proxy for macroeconomic conditions, it critically drives financial distress of U.S.
BHCs; (2) the three measures of BHC risk characteristic i.e. the non-performing loan ratio, the measure of credit risk, and short-term wholesale funding can be taken as the reliable indicators for determinants of the DD measure. Additionally, the short-term wholesale funding is found to be a significant factor exhibiting interconnectedness between financial institutions and their exposures to liquidity risk; (3) the two alternative measures of BHC activity diversification show no consensus in determining default risk: non-interest income is positively associated with BHCs' DD, which is on the contrary to our expectation, whereas the off-balance-sheet activity is negatively related to DD; and (4) for the three regulatory capital requirements, they are all statistically significant implying that they are good indicators of the degree of BHCs' default risk.
The remainder of the paper is organized as follows. Section 2 reviews the literature on bank holding companies. Section 3 develops the hypotheses that we will examine and also specifies our default risk model and the econometric formulation. Section 4 discusses the data and provides conventional descriptive statistics. Section 5 presents the empirical findings and their analysis. Section 6 concludes.
Literature Review
As a corporation controlling one or more banks, a large U.S. parent BHC typically engages a broader range of banking and non-banking activities (Avraham, Selvaggi, and Vickery, 2012 (Elyasiani and Wang, 2012) . Avraham et al. (2012) illustrate that, at the end of 2011, almost all U.S. banking assets were governed by bank holding companies. In total, U.S. BHCs controlled over $15 trillion in total assets at that time.
In recent studies on BHCs, Avraham, Selvaggi, and Vickery (2012) 
Hypothesis Development and Model Specification

Hypothesis Development
Based on the literature in the field, we construct the four hypotheses as follows. Existing studies have investigated the impact of BHC risk characteristics on its default risk, performance, or executive compensation. Bennett et al. (2012) find that higher levels of non-performing assets/total asset ratio are negatively associated with the distance-to-default measure. Deng and Elyasiani (2008) use the net charge-off ratio (net charge-offs on loans and leases/total loans) as an indicator of credit risk in their valuation and risk models. Balboa, López-Espinosa, and Rubia (2012) probe whether the factor causing increases in systemic risk in the banking industry, i.e. short-term wholesale funding, could arise from the desire of bank managers to increase their variable compensation, and find that this factor is positively related to high levels of variable compensation. Balboa et al. (2012) also suggest that short-term wholesale funding is unstable, which can be taken to imply interconnectedness among financial institutions and exposures to liquidity risk. In these lights, our hypothesis employs all the three BHC risk characteristics, i.e. non-performing loan ratio, net charge-off ratio as the measure of credit risk, and short-term wholesale funding, as the control variable, to investigate whether these factors can affect DD. (Kisin and Manela, 2013) . In our hypothesis, we use these three regulatory capital ratios as the alternative capital requirements to test the relation between them and the distance-to-default.
Activity Diversification Hypothesis (H4): The diversified activities of BHCs such as reflected in non-interest income, or off-balance-sheet activity are negatively associated with their distance-to-default.
Over the last two decades, the activities of financial institutions have diversified considerably, shifting from traditional ones (borrowing and lending) toward related activities, e.g., proprietary trading and private OTC market-making services (Flannery, 3 According to Kisin and Manela (2013) , a bank is regarded as well-capitalized if all of the following are true:
a. Core capital (leverage) ratio Tier 1 (core) capital as a percentage of average total assetsineligible intangibles  3% to 5% depending on its composite CAMELS rating;
b. Tier 1 risk-based capital ratio  Tier 1 (core) capital as a percentage of risk-weighted assets  6%; Total risk-based capital ratio  Total risk-based capital as a percent of risk-weighted assets  10%.
2012). Many studies have examined various aspects of BHC activity diversification.
Some related studies investigate the issue of non-interest income. For example, Stiroh (2004) reports that between 1984 and 2001, non-interest income, i.e. the revenue associated with trading and advising activities, expanded from 25% to 43% of total revenue of U.S. commercial banks. Related studies are Stiroh and Rumble (2006) and Brunnermeier, Dong, and Palia (2012) . Other studies probe the issue of banks'
off-balance-sheet activity. Minton, Williamson, and Stulz (2005) investigate whether the use of credit derivatives by U.S. BHCs can reduce bank risk, finding that a small group of banks that uses credit derivatives seems not to increase the soundness of these banks. Li and Marinč (2013) assess the effect of financial derivatives on the systematic risk of publicly listed BHCs in the U.S., and find that greater use of credit derivatives reflects higher systematic credit risk. Deng and Elyasiani (2008) employ the ratio of notional principal on interest rate contracts to total assets as the measure of off-balance-sheet activity risk for their hypothesis testing. In our hypothesis, we use the non-interest income ratio and off-balance-sheet activity as alternative measures of BHC activity diversification to test the linkage between them and the DD measure.
Model Specification
The default risk model
To identify our dependent variable, we follow Black and Scholes (1973) and Merton (1974) to calculate the distance-to-default as our default risk measure. The assumption of the Merton model suggests that the market value of assets t A follows a random log-normal process expressed by:
( 1) where A  is the expected return and A  is the volatility of assets. According to the Black-Scholes pricing of call options, the value of equity t E at any time t prior to the maturity can be written as:
where r is the risk-free rate, L is the book value of the firm's debt, and T is the maturity time. 
The Black-Scholes pricing in (2) can provide the linkage between the volatility of equity and the volatility of assets through Ito's Lemma:
The Merton model implies that the current value of assets 0 A and its volatility A  can be derived from the two equations (2) and (5) with 0 t  .
As a result, the distance-to-default (DD), the number of standard deviations away from the default point, can be given by:
A bank defaults or is bankrupt when 0 DD 
The econometric specification
For our independent variables, we first introduce the control variables. Five control variables are considered. First, we use the U.S. housing price index (HPI) to examine the first hypothesis -business cycle hypothesis (H1). Then, we employ the natural log of the total assets of BHCs (Size) to detect whether the size effect exists. Next, we use the three important indicators showing BHC risk characteristics, i.e. the short-term wholesale funding ratio (STWF), non-performing loan ratio (NPLR), and net charge-off ratio (CR), as control variables in our testing of the second hypothesis -
Risk Characteristic Hypothesis (H2).
We use the three alternative capital requirements, i.e. the Tier 1 risk-based capital ratio (Tier1), Total risk-based capital ratio (TRBCR), and Tier I leverage ratio (LEV) to examine the third hypothesis (H3). Finally, we employ the two alternative measures of BHC activity diversification, i.e. the non-interest income ratio (NIN), and off-balance-sheet activity risk ratio (OBSA), to test the fourth hypothesis (H4).
OLS estimator is used to expound the determinants of the DD measure. The empirical model is specified in the following equation:
t i t i t i t i t i t i t i t i t
where i denotes the bank and t shows the period.
Data and Descriptive Statistics
Data and Variable Definitions
Our sample selection procedure is as follows. We first select the 860 U.S. bank holding companies whose total assets exceed 1 billion U.S. dollars for the period from 2003-2012, 2003-2006, 2007, 2008, and 2009-2012 . All descriptive results are expressed in percentage, except Observations, DD, and Size.
We can see from this Table that Whereas, the DD measure is negatively related to all three BHC risk characteristics, i.e. the short-term wholesale funding ratio (STWF), the non-performing loan ratio (NPLR), and the measure of credit risk (CR). For the two alternative measures of BHC activity diversification, i.e. the non-interest income ratio (NIN) and the off-balance-sheet activity risk ratio (OBSA), DD is positively related to the first and negatively related to the second. In addition, OBSA is positively related to STWF, but slightly negatively related to NPLR and CR. NPLR is highly positively related to CR.
Tier I is highly positively associated with the other two alternative capital requirements, i.e. TRBCR and LEV.
<Table 3 here> 
Empirical Results
Univariate Regression Results
Multivariate Regression Results
In this part, we derive the multivariate regression results for the determinants of the DD measure of the selected BHCs during the periods 2003-2012, 2003-2006, 2007-2008, and 2009-2012 . Table 5 shows the multivariate regression results during the full sample period. Six multivariate regressions are conducted with the three alternative measures of regulatory capital requirements and the two alternatives of BHC activity diversification. From column 1 to column 3, in addition to our five control variables, we hold the non-interest income ratio (NIN), and run the regressions by changing the three alternatives of regulatory capital requirements. From column 4
to column 6, we hold the off-balance-sheet activity ratio (OBSA) and perform the same steps as for the first six columns.
According to Table 6 with Table 7 , with exception of the non-interest income ratio (NIN), all the other independent variables have similar association with the BHCs' DD in the two selected periods. Unlike NIN in Table 5 , the non-interest income ratio (NIN) in Table 6 is statistically insignificant, suggesting that this measure of BHC activity diversification had no effect on the BHCs' DD before the recent financial crisis. Table 7 with Table 5 , NIN in Table 7 has the same effect as in Table 5 . But during the crisis time OSBA shows a statistically insignificant relation with the DD measure. For the three alternative measures of capital requirements, when holding OBSA all the three are statistically significant, but when holding NIN, only the Tier I risk-based capital ratio (Tier I) is significant.
<Table 7 here>
Comparing Table 8 with Table 5 , with the exception of Size, all the other independent variables have the same impact on the BHCs' DD in both the post-crisis period and the full sample period. Table 8 shows that the three measures of BHC risk characteristics can be taken as reliable indicators for determination of the DD measure.
Also, the three alternatives of capital ratio can be regarded as reliable regulatory capital requirements. NIN is significantly positively related to the DD measure.
OBSA performs better in determining DD in the post-crisis period than during the crisis.
<Table 8 here>
Possible Policy Implications from our Results
From a policy perspective, our empirical results provide several implications for financial regulation. First, for macro-prudential risk, our results indicate that housing prices are an important factor that the monetary policy and macro-prudential policy must take into consideration, as shown in Blundell-Wignall and Roulet (2012). Our univariate regression results in Table 4 suggest that an unexpected 1% fall in the housing prices may decrease DD by 0.37 standard deviations, suggesting the significant impact of housing prices on financial institutions' financial distress.
Second, for liquidity risk, short-term wholesale funding can be considered a reliable factor exhibiting interconnectedness between financial institutions and exposures to liquidity risk. Some studies, such as Acharya and Richardson (2012) and Greenwood and Scharfstein (2013) , show that short-term wholesale funding is an important factor reflecting systemic risk, which is also considered a vital factor for formulating related provisions within the Dodd-Frank Wall Street Reform and Consumer Protection Act of 2010, i.e. the Dodd-Frank Act.
Third, with regard to activity diversification risk, our two diversity measures do not show the same effect on determining default risk. On the one hand, the statistically significant results on non-interest income show that it is positively related to the BHCs' DD, which is contrary to the prediction of studies such as Stiroh (2004) and Stiroh and Rumble (2006) . However, recent studies such as Köhler (2013) suggest that the impact of non-interest income on risk hinges on the business mode of a bank.
More specifically, Köhler (2013) implies that banks with a retail-oriented business mode become significantly more stable with the increase in their share of non-interest income; whereas investment-oriented banks become significantly less stable. Thus, it seems from our results that the positive relationship between non-interest income and DD shows the complexity of our examined bank holding companies. On the other hand, off-balance-sheet activity can be used as a reliable factor for detecting the default risk of BHCs, which is in line with the stringency of provisions related to off-balance-sheet exposures within the Dodd-Frank Act (Acharya and Richardson, 2012) .
Fourth, for regulatory capital requirements, the statistically significant results of our three measures of capital requirements imply that they are good indicators for the investigation of BHCs' default risk. However, there is ongoing debate as to whether capital requirements alone are the best tool of management of systemic risk for financial institutions. For example, studies such as Admati et al. (2010) and Duffie (2012) suggest that only capital requirements can manage the systemic risk of banks, while Acharya and Richardson (2012) imply that both capital requirements and restrictions on asset holdings (e.g. using the Volcker rule within the Dodd-Frank Act)
can effectively manage the systemic risk of financial institutions.
Conclusions
In this paper, we use a sample of 354 bank holding companies in the U.S. to probe the impact of various factors on the financial distress of BHCs, before, during and after the recent financial crisis. Our empirical model specification incorporates five variables as the determinants of large BHCs' DD measure, including the housing price index, size, the non-performing loan ratio, the measure of credit risk (net charge-off ratio), and the short-term wholesale funding ratio. In the modeling process, the first is used to proxy for pro-cyclical economic conditions and the last three capture different aspects of BHC risk characteristic. Additionally, we employ two measures of BHC activity diversity and three alternative measures of regulatory capital requirements. Our main findings are: First, the housing price index is consistently significant and is positively associated with the DD measure. In our univariate regression, an unexpected fall in the house prices by1% may decrease DD by 0.37 standard deviations.
Second, while short-term wholesale funding is negatively related to both the non-performing loan ratio and the measure of credit risk, these three measures of BHC risk characteristic are negatively associated with the DD measure, making themselves significant driving forces determining the DD measure. Third, the two alternative measures of BHC activity diversification exhibit no consensus as the determinants of default risk. Non-interest income is positively related with the BHCs' DD, which is on the contrary to both our expectation and some previous studies. This positive relationship exhibits the complexity of the examined BHCs. However, the off-balance-sheet activity, which is an important consideration of the Dodd-Frank Act, is negatively associated to the DD measure. Fourth, even if there is ongoing debate about whether capital requirements are a better tool for the management of systemic risk in financial institutions, the statistically significant results of our three alternative capital requirements suggest that they are significantly related with BHCs' default risk, and hence can be used for evaluate BHCs' financial distress.
Table 1 Variable Names and Construction
Notes: The listed variables are used in our empirical study. 2003-2012, 2003-2006, 2007, 2008, and 2009-2012 . Detailed information on all shown variables can be found in Table 1 . All descriptive results are expressed in percentage, except Observations (Obs), DD, and Size. Distance-to-Default (DD) is derived in terms of equations from (1) and (6). size (Size), short-term wholesale funding (STWF), the non-performing loan ratio (NPLR), and the measure of credit risk (CR) are the five control variables, the latter three of which show BHC risk characteristics. The non-interest income ratio (NIN) and the off-balance-sheet activity risk ratio (OBSA) are the two alternative measures of BHC activity diversification. The Tier I risk-based capital ratio (Tier I), Total risk-based capital ratio (TRBCR), and Tier I leverage ratio (LEV) are the three alternative measures of capital requirements. The year effect is controlled in the regressions. *, ** and *** imply statistical significance at the 10%, 5%, and 1% levels, respectively. size (Size), short-term wholesale funding (STWF), non-performing loan ratio (NPLR), and the measure of credit risk (CR) are the five control variables, the latter three of which show BHC risk characteristics. The non-interest income ratio (NIN) and the off-balance-sheet activity risk ratio (OBSA) are the two alternative measures of BHC activity diversification. The Tier I risk-based capital ratio (Tier I), Total risk-based capital ratio (TRBCR), and Tier I leverage ratio (LEV) are the three alternative measures of capital requirements. The year effect is controlled in the regressions. *, ** and *** imply statistical significance at the 10%, 5%, and 1% levels, respectively. size (Size), short-term wholesale funding (STWF), the non-performing loan ratio (NPLR), and the measure of credit risk (CR) are the five control variables, the latter three of which show BHC risk characteristics. The non-interest income ratio (NIN) and the off-balance-sheet activity risk ratio (OBSA) are the two alternative measures of BHC activity diversification. Tier I risk-based capital ratio (Tier I), Total risk-based capital ratio (TRBCR), and Tier I leverage ratio (LEV) are the three alternative measures of capital requirement. The year effect is controlled in the regressions. *, ** and *** imply statistical significance at the 10%, 5%, and 1% levels, respectively. 
